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Supplementary Tables
Supplementary Table 1 Summarization of the diffraction data of the crystals grown in the presence and absence of SDB microspheres Supplementary ThiM and ML-I) which will be introduced below at section.
All commercial proteins were utilized without further purification. They were dissolved in a buffer and centrifuged at 1000 rpm for 30 s using a centrifuge (Model No. 5418, Eppendorf, Germany) before setting up the crystallisation trials. The buffer for HEWL was 0.2 M sodium acetate buffer (pH 4.60), for insulin was 0.1 M ammonia, and for the rest proteins was 0.25 M HEPES sodium buffer (pH 7.00).
Before setting up the crystallisation trials, SDB microspheres shall be applied to the crystallisation plates first. Supplementary Fig. 2 a-d purification. The purity of all proteins was assessed by SDS-PAGE and was determined to be higher than 95%. Protein samples were concentrated to approximately 20 mg/ml using ultrafiltration into a final buffer containing 20 mM Tris pH 7.5, 300mM NaCl, 5mM β-mercaptoethanol and 10% glycerol. The protein concentration was determined using a Bradford assay. All proteins were stable and could be stored at -80°C. The crystallisation of HSP90 was carried out at 18°C for 3 days with a 24-well tissue-culture tray with hanging-drop vapor-diffusion technique.
The reservoir solution conditions were: a buffer of 0.1M sodium cacodylate pH 6.5, 0.2M magnesium chloride, 20-25% PEG2000MME at 20mg/ml. The volume of the crystallisation droplet was 3 μl (1.5 μl HSP90 solution + 1.5 μl reservoir solution), the volume of the reservoir was 1000 μl. Diffraction data for thaumatin, concanavalin A, proteinase K, HSP90 and TCS were collected at beamline 17U1 in the SSRF (Shanghai Synchrotron Radiation Facility) using a CCD detector. The diffraction data were then indexed and reduced using HKL2000. X-ray diffraction data for ThiM, ML-I and glucose isomerase were collected at beamline P14 at EMBL/Petra III/DESY/Hamburg. A Pilatus 6M
(Dectris/Switzerland) detector was used to collect diffraction patterns. Data was processed using XDS 3, 4 , and ThiM data was scaled using SCALA 5 after importing to CCP4 6 using COMBAT. into parallel beams. One beam was reflected by the object reflector M1 (as the object light), and the other was reflected by the object reflector M 2 (as the reference light).
The object light and the reference light interfered through the beam splitter BS 2 with very small angles of incidence, and then the interference fringes formed a hologram on the CCD target surface through the telecentric lens set TL. Finally, the hologram that acquired by the CCD were stored in the computer for numerical simulation and reconstruction. The object distance of telecentric lens set TL was 150 mm, the image distance was 2.5 mm, the object size was  50 mm, the image size was  8 mm. The CCD (BASLER scA1600-14gm) is a white-black type with 1626 H ×1326 V pixels and the pixel size was 4.4 µm×4.4 µm. Detail experiment procedure was showed as followed:
(i) The quartz cell with protein crystallisation solution (250 µl) was fixed in the light path, then a hologram was taken as the reference hologram.
(ii) 20 mg SDB1 microspheres was added to the protein crystallisation solution.
After the cell was sealed, holograms were taken and stored for every 5 min. Supplementary Fig. 4 shows two holograms in the presence and absence of SDB1 mi crospheres.
(iii) The hologram was changed to frequency spectrum by Fourier transformation
(iv) The spectrum was extracted and reproduced using the convolution method 
The concentration of the protein at any point (x, y) can be calculated according to the following equation [8] [9] [10] : 
Supplementary Note 2: Results
Characterization of the SDB microspheres. Two types of SDB microspheres (SDB1 and SDB2 microspheres) were prepared as described. Supplementary Fig. 6 shows the photos of the SDB microspheres at two magnification scales. At lower magnification (under optical microscope, Supplementary Fig. 6 a, b) , it can be seen that both types of SDB microspheres were of the similar size. The diameter of these microspheres was in the range of 100 -400 m. The color of the microspheres was white under naked eyes. However, we observed different color appearance under the same optical microscope, indicating that the microstructure was different. This judgment was verified at higher magnification (under scanning electron microscope (SEM), Supplementary Fig. 6 c, d ). It can be clearly seen that the SDB1 microspheres were porous structured, while at the same magnification, no obvious pores could be observed on the SDB2 microspheres. The average pore diameter of the SDB1 microspheres was 59.8 nm. The pore size of the SDB1 microspheres was in a large range between 9-80 nm.
To get more information about the porous structure of the SDB1 microspheres, we examined the size distribution of the pores and the porosity by using an Automated Mercury Porosimeters (Auto Pore 9500). Supplementary Fig. 7 shows the pore size distribution of SDB1 microspheres.
From the measurement, following data were obtained: the total pore area of SDB1 microspheres was 107.294 m 2 / g, the pore sizes mainly were in the range of 9-80 nm (micropores) and 5-10 m (macropores). These two sizes were related to the cumulative pore area. The average pore diameter of the SDB1 microspheres was 59.8 nm, and the porosity of SDB1 microspheres was 61.14%.
Measurement of concentration evolution during crystallisation in the presence
and absence of SDB1 microspheres using bicinchoninic acid (BCA) assay. If SDB microspheres can absorb proteins, the concentration in the solution could be affected due to the addition of the microspheres. Since it is very difficult to measure the concentration on the surface of SDB microspheres, to find the evidence of adsorption, concentration measurement in the solution can be a good method.
According to the hypothesis we proposed in the main text, protein concentration in the solution when in the presence of SDB microsphere should be lower than that of control, and should decrease in a slower rate. To examine this postulation, we conducted a concentration measurement experiment by bicinchoninic acid (BCA) assay using an automatic microplate reader (model Synergy HT, Bio-Tek, Winooski, USA). Lysozyme (Lot. No. 100940) was utilized as the model protein, and the initial concentration of the crystallisation solution (the mother liquid) was: 30mg/ml HEWL, 40mg/ml NaCl, pH 4.6. Twelve ml crystallisation solution from the same mother liquid was dispensed to two bottles, respectively. One bottle was then added in the presence of SDB1 microsperes (1 g), and the other bottle was labeled as the control.
Then the two bottles were sealed and put into a temperature controller for incubation at 20 °C. The concentration in the solutions was measured for every 24 hours, by sampling 20 μl solution at 5 mm below the solution surface from each bottle, and using the BCA method. The total experimental time was 8 days.
Supplementary Fig. 8 shows the measurement results. From the figure, it is clear that, by adding SDB1 microspheres, adsorption occurred thus the concentration below the floating microspheres was lower than that of the control. Later the concentration of both solutions decreased with time, due to the growth of lysozyme crystals. Since the concentration level is lower when SDB1 microspheres were added, and the concentration evolution finally approached to the solubility line, the concentration evolution in the presence of SDB1 microspheres changed slower as compared with that in the control. This experimental result was in good agreement with the postulation from the hypothesis of the mechanism proposed in the main text, thus gave a strong support for the hypothesis.
Distance between the crystals and the microspheres. As an evidence of heterogeneous nucleation, direct contact between the crystals and the nucleants can be always observed. In most cases of the current study, however, the visual inspection didn't show such direct contact. In order to validate this visual inspection, a statistics of the distance between the crystals and the microspheres was made. Because the acquired image cannot give a 3-dimensional (3D) vision, we used alternately the partial distance of the whole 3D distance between the microspheres and their surrounding crystals. The partial distance was defined as the radial distances in the image plane by taking the microsphere as the origin. An example of proteinase K was shown in Fig. 4 . Obviously, most crystals did not attach to the microspheres. Even though the real 3-dimenstional distance cannot be measured, the partial distance can validate that most crystals were apart from the microspheres.
Improvement of morphology. Supplementary Fig. 9 showed examples of crystal morphology of several commercial proteins grown in the presence and absence of the SDB microspheres. The morphology of the crystals grown in the presence of SDB microspheres (especially SDB1 microspheres) exhibited better morphology with more well-defined faceted crystallographic faces.
We also observed the morphology improvement in the crystals of target proteins in the presence of SDB1 microspheres ( Supplementary Fig. 10 ). All of these phenomena showed that SDB1 and SDB2 could affect the crystal morphology. Generally speaking, the crystals grown in the presence of SDB microspheres were usually larger with more well-defined faceted crystallographic faces. ThiM crystals grown in the absence of SDB were intergrown similar to those presented by Drebes et al. 1 . With SDB those intergrown crystals could also be observed, however crystals of a second non-intergrown form could be obtained as well.
Crystal quality comparison by X-ray diffraction analysis. Supplementary Table 1 summarizes the diffraction results. In the tables, there are no data in some columns, which means that no diffraction data were obtained because of bad crystal quality or no diffraction crystals were obtained. Among the eight proteins, only one (ML-I)
showed worse diffracting quality than, and one (proteinase K) showed comparable
